Introduction
Children with Down syndrome (DS) exhibit a range of maladaptive behaviours, with reported rates of 18-43% (Dykens & Kasari 1997; Capone et al. 2006; Visootsak & Sherman 2007; Dykens et al. 2015; Patel et al. in press) . Rates of maladaptive behaviours are reported to be higher in children with DS than in typically developing (TD) children and continue to be a concern after controlling for developmental levels (Gath & Gumley 1986; Loveland & Kelley 1991; Pueschel et al. 1991; Cuskelly & Dadds 1992; Pitcairn & Wishart 1994; Coe et al. 1999; Evans & Gray 2000; Nicham et al. 2003; Evans et al. 2005; Capone et al. 2006; Glenn & Cunningham 2007; Feeley & Jones 2008; van Gameren-Oosterom et al. 2011; Foley et al. 2015) . Common maladaptive behaviours include noncompliance, inattention, hyperactivity and impulsivity (Dykens & Kasari 1997; Cornish et al. 2012) . Contributing factors to these maladaptive behaviours in individuals with DS can include weaknesses in executive functioning, processing speed, learning, coping with stressors, the environment and co-morbid psychopathology (Daunhauer et al. 2014; Jacola et al. 2014) . Maladaptive behaviours have a negative impact on the family and home environment and often serve as a reaction to academic or vocational demands, transitions or changes (Sanders & Morgan 1997; Roach et al. 1999; Owen et al. 2004) . Thus, maladaptive behaviours are a significant concern for children with DS.
Down syndrome working groups were formed by the United States National Institutes of Health (NIH) to evaluate clinical outcome measures for use with individuals with DS, including measures of maladaptive behaviour (NICHD 2015) . There currently are multiple informant-report measures of maladaptive behaviour available that are used with individuals with intellectual and developmental disabilities (IDD) that were developed for TD children. For example, the Behavior Assessment System for Children (BASC) and Child Behavior Checklist (CBCL) are commonly used to assess maladaptive behaviours and screen for mental health concerns in children with TD and IDD (Achenbach & Rescorla 2001; Reynolds & Kamphaus 2015) . Other measures of maladaptive behaviours were developed for individuals with IDD more generally, such as the Aberrant Behavior Checklist (ABC), Behavior Problem Inventory, Developmental Behavior Checklist and Nisonger Child Behavior Rating Form (NCBRF) (Aman et al. 1985a; Einfeld & Tonge 1995; Aman et al. 1996; Rojahn et al. 2001) . In addition, there are measures to assess specific symptoms of concern, such as repetitive behaviours (Repetitive Behavior Scale). The NIH DS working group rated currently available measures of maladaptive behaviour as being appropriate for individuals with IDD (ABC, Behavior Problem Inventory, Developmental Behavior Checklist, NCBRF and Repetitive Behavior Scale) or whether the measures were in need of modification or were promising for use with individuals with DS (BASC and CBCL) (Esbensen et al. 2017) . However, no measure of maladaptive behaviours was rated as being appropriate or validated for use with individuals with DS. While studies have reported on the prevalence of behavioural concerns specifically in children with DS, few studies have examined the psychometric properties of behavioural measures specifically for use with individuals with DS (Dykens & Kasari 1997; Fidler et al. 2000) . Among adolescents with DS, the CBCL demonstrates limited convergent validity with the BASC-2 (Jacola et al. 2014) .
The NIH DS working groups identified the need for establishing valid outcome measures to detect treatment changes in clinical trials and the lack of empirical evidence for using currently available measures with individuals with DS (NICHD 2015; Esbensen et al. 2017) . Behavioural outcomes that were especially in need of development included noncompliance, self-regulation of emotions and behaviour and coping with transitions. This priority is reinforced by recent findings that measures developed for individuals with IDD may be omitting key behaviours of concern in individuals with DS (Patel et al. in press) . Key behaviours of concern in DS that are not adequately captured on commonly used measures of maladaptive behaviour include wandering, self-stimulatory behaviours, insistence on sameness and self-talk (Feeley & Jones 2008; McGuire & Chicoine 2006; Stein 2016; Patel et al. in press) . By inadequately assessing maladaptive behaviours, currently available measures of behaviour may not be valid or sensitive to treatment change and may have contributed to the wide range in reported behaviour problems.
Measures of maladaptive behaviour developed for TD children generally have age-based and gender-based normative data and thus are most useful in clinical settings. Few measures developed for individuals with IDD have threshold scores or account for the impact of age and gender on the presentation of maladaptive behaviours. The importance of evaluating age in relation to maladaptive behaviours is highlighted by age effects in children with DS on all sub-scales of the CBCL when assessing raw scores (Dykens et al. 2002) . Thus, individuals with the DS behavioural phenotype may be developing at a different pace in terms of maladaptive behaviours. Gender differences in maladaptive behaviours are also present in children with DS, with inconsistent patterns of findings (Määttä et al. 2006; van Gameren-Oosterom et al. 2013; Jacola et al. 2014; Dykens et al. 2015) .
Given the concern for, and variable rates of, maladaptive behaviour, as well as the lack of empirically supported measures of maladaptive behaviour in children with DS, this study aimed to evaluate the psychometric properties of the CBCL for use with children with DS. First, we described the rates of different maladaptive behaviour problems among sub-scales and among Diagnostic and Statistical Manual of Mental Disorder (DSM)-oriented clinical domains to understand the pattern of behaviours of concern. Second, we examined the internal consistency of the CBCL and its sub-scales. Third, we examined the inter-rater reliability of sub-scales on the CBCL and Teacher Rating Form (TRF). Fourth, we examined the convergent and discriminant validity of the CBCL and its sub-scales with two measures developed for and validated with children with IDD more broadly, specifically the ABC and NCBRF. Last, we examined age and gender differences on the CBCL sub-scales and domains, for both raw and t-scores. Understanding the psychometric properties of the CBCL with children with DS will inform the use of this measure and support the identification of reliable measures when reporting maladaptive behaviour problems.
Method

Participants
Parents of 88 children with DS completed rating forms as part of several larger clinical and community-based studies on behaviour and cognition. Data from these studies were combined post hoc for the current proposed analyses. Children with DS ranged in age from 6 to 18 years (mean = 11.35 years; standard deviation = 3.02), were primarily male (61.4%) and were Caucasian (83.0%). Standard scores were obtained on different measures of cognition, depending on the clinical or research purpose. Standard IQ scores are summarised in Table 1 by a cognitive test. Respondents were primarily mothers (92%), with fathers completing 3% of forms and both parents working together to complete 5% of forms.
Procedure
Families were recruited based on the age of the child and a diagnosis of DS. Families were recruited through a paediatric medical centre, through a DS specialty clinic and through newsletters distributed by the local DS association. Clinical chart review contributed 39 children to the current sample where parent and teacher ratings of behaviour were documented (Fig. 1) . The remaining children were recruited from community studies on DS. In community studies, parents provided information on the child's demographics and completed rating scales of the child's behaviour on the CBCL. A subset of 29 parents completed additional rating scales of child's behaviour on the ABC and NCBRF. Within a week, teachers also completed behavioural rating forms on the TRF that were distributed and collected through parents. Teacher reports were collected from 62 teachers across community studies and clinical records. Teacher reports were not documented in 12 clinical charts, were not obtained for 12 children in community-recruited research studies as the child was on school break and were not obtained as part of the study protocol in one research study involving two children. All study activities were approved and overseen by the institutional review board at the medical centre.
Measures
The Achenbach CBCL for children aged 6-18 years obtains parent ratings of 112 problem behaviours, in addition to descriptions of their child's strengths and challenges (Achenbach & Rescorla 2001 (Achenbach & Rescorla 2001) . Internal consistency is moderate to high for all composite and syndrome scales with children with IDD (Jacola et al. 2014) . Items are rated on a 3-point scale from (0) not true to (2) very true, and t-scores are created based on an age and gender normative sample. Approximately 6% of TD children are expected to have t-scores above the threshold score of 65.
The ABC is a rating scale of maladaptive behaviours for children and adults with IDD (Aman et al. 1985a,b) . Sub-scales assess Irritability, Lethargy, Stereotypic Behaviours, Hyperactivity and Inappropriate Speech. Items are rated on a 4-point Likert-type scale from (0) not at all a problem to (3) the problem is severe in degree. Internal consistency is good to excellent, inter-rater reliability is moderate and retest reliability is extremely high (Aman et al. 1985b) .
The NCBRF for parents and teachers measures adaptive and maladaptive behaviours among children with IDD (Aman et al. 1996) . Adaptive sub-scales assess compliant/calm and adaptive/social. Maladaptive sub-scales assess conduct problems, insecurity, hyperactivity, self-injury, ritualistic behaviours and sensitivity. Items are rated on a 4-point Likert-type scale from behaviour did not occur or was not a problem (scored 0) to behaviour occurred a lot or was a severe problem (scored 3). The NCBRF demonstrates high inter-rater reliability between parent and teacher forms on all scales and high internal consistency for multiple sub-scales (Aman et al. 1996) .
Data analysis
For the purpose of the current analyses, raw total and mean standardised scores were calculated for the CBCL sub-scales and DSM-oriented sub-scales. The percentage of children scoring above the clinical range of concern was calculated. The clinical range of concern was considered a t-score above 65 (1.5 standard deviations above the mean; >94th percentile), consistent with recommendations in the CBCL (Achenbach & Rescorla 2001) . The distribution of sub-scale (t and raw) scores was assessed, and concerns with skew or kurtosis were identified. Skew was considered a concern if the statistic was less than À0.8 or greater than 0.8. Kurtosis was considered a concern if the statistic was less than À3.0 or greater than 3.0.
Internal consistency of each sub-scale was calculated using Cronbach's alpha. Internal consistency measures whether items proposed to measure the same construct produce similar scores. Inter-rater reliability was calculated using the two-way mixed average measures form of intra-class coefficients (ICC) comparing corresponding sub-scales on the CBCL and TRF. Inter-rater reliability assesses the degree to which different raters give consistent estimates of the same items.
Convergent validity and discriminant validity were explored by correlating sub-scales on the CBCL sub-scales and DSM-oriented sub-scales with the sub-scales from the ABC and NCBRF. Convergent validity assesses the degree to which measures of a construct that should be related to each other are in fact related to each other. Discriminant validity assesses the degree to which measures that are not supposed to be related are actually unrelated. Authors developed a priori hypotheses for sub-scales that should demonstrate convergence.
To assess for possible gender differences on subscale scores, t-tests were conducted on the CBCL raw and t-scores. Correlations were run to assess for possible associations with age on the CBCL raw and t-scores.
Results
Group differences were run to assess comparability between community and clinical samples. Samples did not differ on age (t(86) = 1.46, P = 0.15), gender (χ(1) 2 = 0.00, P = 0.98), race (χ(3) 2 = 4.14, P = 0.25) or IQ (t(80) = 0.02, P = 0.99). Children from the clinic sample were reported to have higher t-scores on sub-scales of Anxious/Depressed (t(86) = 2.08, P = 0.04), Aggressive Behaviour (t(86) = 2.28, P = 0.02), Total Problems (t(58) = 2.08, P = 0.04), Somatic Problems (t(66) = 2.31, P = 0.02) and Conduct Problems (t(67) = 2.25, P = 0.03).
Frequency of behaviour problems Table 2 presents the mean t-scores and standard deviations for CBCL sub-scales and DSM-oriented sub-scales and the rates at which children met clinical criteria for sub-scales. The range of t-scores is presented, as well as whether the distribution of scores on a sub-scale presented with concerns for skew or kurtosis. On the CBCL subtests, over 40% of children with DS in the sample met the criteria for clinical concern for Thought Problems and Attention Problems. The behaviour of least concern was Anxious/Depressed, with only 4% of children with DS meeting the criteria for clinical concern on this sub-scale. On the CBCL DSM-oriented sub-scales, between 12% and 28% of children met the criteria for clinical concern on any sub-scale. The distribution of sub-scale scores was sometimes skewed, with three of eight CBCL sub-scales and four of six DSM-oriented sub-scales demonstrating concerns with positive skew. Kurtosis (leptokurtic distribution or positive kurtosis) is a concern for the Anxious/Depressed subscale and the Somatic Problems DSM-oriented sub-scale, suggesting a dichotomous response pattern.
Internal consistency
The alpha coefficients for the CBCL sub-scale and DSM-oriented sub-scale scores are presented in Internal consistency for the DSM-oriented subscales ranged from 0.58 (poor) to 0.85 (good). One sub-scale presented with poor internal consistency (Affective Problems), one with questionable internal consistency (Somatic Problems) and two with acceptable internal consistency (Anxiety Problems and Conduct Problems). Two sub-scales (Attention Deficit/Hyperactivity Problems and Oppositional Defiant Problems) presented with good internal consistency in this sample of children with DS.
Inter-rater reliability
Inter-rater reliability ICC for the CBCL sub-scale and DSM-oriented sub-scale scores are presented in Table 2 . Most CBCL and DSM-oriented sub-scales demonstrated statistically significant ICC values, demonstrating agreement among parent and teacher ratings on the behavioural measures. However, the ICC estimates ranged from poor (values less than 0.5) to moderate (values between 0.5 and 0.75) (Koo & Li 2016) .
Convergent and discriminant validity
Validity between theoretically related sub-scales on the CBCL and ABC provided variable results (Table 3) . However, these sub-scales on the CBCL also correlated with several other sub-scales of the ABC, inconsistent with a priori hypotheses, thus demonstrating poor discriminant validity (Table 3) .
Convergent validity between theoretically related sub-scales on the CBCL and NCBRF also provided variable results depending on the construct being explored ( Table 4) . Evidence of convergent validity of CBCL sub-scales was present for Anxious/Depressed (with Insecure/Anxious and Self-injury/Stereotypic of NCBRF), Withdrawn/Depressed (with Self-isolated/ 790 
Gender and age comparisons
No statistically significant differences were found for gender on any of the CBCL sub-scale or DSMoriented sub-scale raw or standard scores (Table 5) . Similarly, no statistically significant correlations were found for age on any of the CBCL sub-scale or DSMoriented sub-scale raw or standard scores. The CBCL raw and normative data do not appear to demonstrate any gender or age variation among children with DS.
Discussion
The assessment of maladaptive behaviour in children with DS generally uses measures that have not been examined for their psychometric properties when used specifically with this population. There is a need to understand the reliability and validity of measures of behaviour specific to children with DS (Esbensen et al. 2017) . We evaluated the CBCL among children with DS to understand its psychometric properties and support selection of appropriate measures for children with DS. After conversion based on CBCL age and gender norms, no significant differences were found on any sub-scale, justifying use of the standard CBCL scoring with children with DS. However, the CBCL demonstrated variable reliability and validity across different sub-scales. The overall sub-scale scores of Internalising and Externalising Problems, as well as the Total Problems, all demonstrated sound internal consistency and inter-rater reliability, consistent with findings from the normative data (Achenbach & Rescorla 2001) . These sub-scales demonstrated more variability in construct validity, demonstrating good convergent validity with sub-scales on the ABC and NCBRF, yet questionable discriminant validity. Overall, this pattern of findings suggests that the Internalising, Externalising and Total Problems sub-scales of the CBCL are psychometrically sound for use with children with DS.
In contrast, the individual sub-scales that comprise Internalising Problems (Anxious/Depressed and Somatic Complaints) demonstrated poor to acceptable internal consistency and non-statistically significant inter-rater reliability. Similarly, internal consistency was poor to acceptable and inter-rater reliability was poor for the DSM-oriented sub-scales of Affective Problems, Anxiety Problems and Somatic Problems. This pattern of findings relating to interrater reliability likely reflects a combination of the challenges in using informant reports to assess for Internalising Problems, as well as children exhibiting a different pattern of behaviours across settings (Achenbach et al. 1987) . However, it is concerning that these sub-scales tended to demonstrate poor internal consistency. The exception is the Withdrawn/Depressed sub-scale, which demonstrated acceptable internal consistency and inter-rater reliability. Further, the internalising subscales of Anxious/Depressed, Withdrawn/Depressed and Somatic Complaints generally demonstrated good convergent validity but poor discriminant validity in comparison with the ABC and NCBRF. The DSM-oriented sub-scales of Affective and Anxiety Problems demonstrated poor discriminant validity with the NCBRF, but good convergent and discriminant validity with the ABC. These challenges may reflect the small sample size or reflect a different presentation of behaviours associated with internalising symptoms. Thus, caution is warranted when using the CBCL internalising sub-scales of Anxious/Depressed, Somatic Complaints, Affective Problems, Anxiety Problems and Somatic Problems with children with DS. Future research is encouraged to use the Withdrawn/Depressed Problems sub-scale. The individual sub-scales that comprise Externalising Problems (Rule-breaking Behaviour and Aggressive Behaviour) demonstrated poor or excellent internal consistency and statistically significant inter-rater reliability. The DSM-oriented sub-scales of Oppositional Defiant Problems and Conduct Problems all demonstrated stronger internal consistency and inter-rater reliability. Thus, when examining Externalising Problems, these DSMoriented sub-scales demonstrate stronger reliability estimates than the standard individual sub-scales. The aforementioned externalising sub-scales demonstrated good convergent validity with the ABC and NCBRF, but questionable discriminant validity. Thus, these sub-scales are likely appropriate for use with children with DS, although caution is warranted for interpreting the function of externalising behaviours.
The remaining stand-alone sub-scales of Social Problems, Thought Problems and Attention Problems and the DSM-oriented sub-scale of Attention-Deficit Hyperactive Problems generally demonstrate acceptable to good internal consistency, statistically significant inter-rater reliability and good convergent and discriminant validity. It is worth noting that the Thought Problems sub-scale correlates with the Insecure/Anxious sub-scale of the NCBRF, drawing into question the validity of this specific sub-scale.
The normative data conversions eliminate gender and age differences, providing a preliminary suggestion of appropriate score conversion for children with DS. The feature is a benefit for using the CBCL with children with DS as it provides threshold scores for evaluating the clinical significance of scores. Together with the findings from the internalising and externalising sub-scales, these findings demonstrate that the CBCL partially meets the needs of the NIH DS working group for being a psychometrically sound measure of behaviour in children with DS.
Despite the promising psychometric properties of the CBCL for use with children with DS, other areas of caution are noted. The discriminant validity of the CBCL was generally poor in comparison with that of the ABC and that of NCBRF. This finding may reflect a small pilot sample size or shared variance due to parent reports and assessing the construct of behaviour. However, it may be that the sub-scales on the CBCL are not differentiating areas of concern common in children with DS. For example, children with anxious symptoms may present with more externalizing problems like compulsive behaviours (Evans & Gray 2000) . Further research would benefit from exploring the utility of the CBCL, ABC and NCBRF specifically for use with larger samples of children with DS, in comparison with direct observation of behaviour. An additional area of caution is whether the CBCL is capturing key symptoms observed in children with DS. Common behaviours include wandering, selftalk, noncompliance, difficulties with social boundaries and a need for sameness (McGuire & Chicoine 2006; Patel et al. in press; Stein 2016) . Wandering can stem from challenges with inhibitory control, and also serve an attention-seeking function, yet is not captured on the CBCL by items such as 'runs away from home'. Further, items such as disobedience and 'impulsive acts' likely are not sensitive to detecting treatment changes in wandering. Individuals with DS frequently engage in self-talk. Similar to among the general population, self-talk can be functional, and a method of coping (Glenn & Cunningham 2000) , and can serve as an indicator of stress in an individual with DS. However, items from the CBCL such as 'talks too much' and 'hears things that others do not hear' do not capture the functional or stressful indicators of self-talk. Individuals with DS may appear noncompliant or disobedient as they may not understand instruction, they may have a skill deficit or they may be tired from too many demands or quick transitions. Noncompliant behaviours can present differently, including refusing verbally, behaving aggressively, sitting on the floor or engaging in social overtures to avoid task demands (Wishart 1993) . While some items on the CBCL may capture aspects of this behaviour ('disobedient at home' and 'disobedient at school'), these items are not likely to be sensitive to treatment effects or to capturing treatment effects in different presentations. Similarly, these noncompliant behaviours are not the same as 'breaks rules' as noncompliance may not have that kind of intent. Challenges with social boundaries are likely captured by 'not liked by other kids' and 'showing off or clowning' on the CBCL but may not be sensitive to detecting treatment effects over time as changing others' perspectives are slower to change.
Caution is also warranted for understanding the factor structure of the CBCL in children with DS. Individuals with DS often demonstrate a strong need for sameness, which may present itself as challenges with transitions or repetitive questioning about schedules (McGuire & Chicoine 2006; Patel et al. in press; Stein 2016) . Some items on the CBCL may capture this characteristic, including 'can't get his/her mind off certain thoughts' and 'repeats certain acts over and over'. These symptoms fall on the Thought Problems sub-scale. However, among children with DS observed in clinic, these behaviours are often more related to an anxious component. Thus, the CBCL factor structure may be questionable when applied to children with DS.
Other items on the CBCL may be targeting different symptoms in TD children than in children with DS. For example, 'stealing' may not reflect a conduct behaviour in children with DS but may reflect poor impulse control or comprehension challenges related to their cognitive deficit. While the CBCL is intended as a tool where clinical judgement is required, there is a need for clinicians to interview parents to better understand certain behaviours. This concern draws attention to the need for the development of a new measure of behaviours in children with DS with items that better reflect an underlying construct.
Endorsement of some items may reflect medical or developmental concerns in individuals with DS, rather than maladaptive behaviour. The overlap between medical symptoms and behaviour is also seen in TD children with complex medical conditions and emphasises the need for obtaining comprehensive information about a patient using multiple modalities before rendering diagnostic conclusions. It is important to balance the need for parsimony of scale length with the potentially significant implications of an endorsed critical item. These items are not expected to be endorsed frequently in the TD population and were not endorsed frequently in the current study. However, they are still important to include because elevations at the item level may require immediate intervention (i.e. 'sometimes talks about killing self') or provide significant contribution to a differential diagnosis (i.e. 'often sets fires' and 'hurts animals'). We would not recommend excluding these items in the clinical setting.
There are several limitations of the current study that are worth noting. As ratings on the CBCL were collected across clinic and research studies with different study purposes, test-retest was not evaluated. Similarly, construct (convergent and discriminant) validity was assessed on only a small subset of the sample, and sensitivity to detecting change over time was not assessed. Despite these limitations, there are numerous strengths to the current study. Our study is the first psychometric evaluation of the CBCL in children with DS. Including both a clinical sample and a community sample ensured variability in presenting behavioural concerns and ensures for a more representative sample of children with DS. Demonstrating evidence of strong psychometric properties for some sub-scales of the CBCL validates its use in current studies of children with DS, particularly the Internalising, Externalising and Total Problems scores. Thus, our findings have implications for clinical trials targeting to improve behavioural outcomes as measured by these omnibus sub-scales for children with DS.
This study contributes to our understanding of measurement of behaviours in children with DS, which has important implications for accurately assessing symptoms and evaluating outcomes in children with DS (Esbensen et al. 2017; NICHD 2015) . Our preliminary findings indicate that some sub-scales of the CBCL perform in a psychometrically sound and theoretically appropriate manner in relation to other measures of behavioural problems. The individual internalising sub-scales and DSMoriented sub-scales on the CBCL warrant caution when used with informant reports and for discriminating from other constructs. The individual externalising sub-scales and DSM-oriented subscales demonstrate strong psychometric properties, but again some caution is warranted for discriminating from other constructs and understanding the function of the behaviour. The current findings suggest a similar interpretation for using the Social Problems and Thought Problems sub-scales, as reliability is adequate but discriminant validity is variable. The Attention Problems and Attention-Deficit Hyperactive Problems sub-scales demonstrate strong psychometric properties, likely associated with the prevalence of these symptoms among children with DS. Sub-scales on the CBCL with sound psychometrics are recommended for clinical diagnostics of children with DS, although their utility for detecting change has not yet been evaluated in this population. Despite these promising findings using the CBCL with children with DS, future research is also needed to develop measures that better capture behaviours commonly observed in children with DS that are not captured on current rating scales.
